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The requirements for the same R-2 building to be constnrcted in an area where A" is less

than 0.15 but greater than or equal to 0.10 are more complicated in both sets of requirements.

1. Seismic Forces Consideration and Distribution

In addition to the requirements listed for the areas wherc An is less than 0.10 but greater than

or equal to 0.05, both 1990 NBC and 8223-9I have requirements for explicit consideration

of seismic forces and their distribution. Methods for computing base shear, vertical and

horizontal distribution of seismic forces, torsional moments, overturning and story drift are

addressed. A comparison of these requirements follows.
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Base Shear - l99) NBC

Base shear is computed as:

V = 2.5A"IKCSW

Where:

A, = Coeficient representing effective peak

velocity-related acceleration based on
Figure I113.1

I = Occupancy importance factor
( / : 1.00 for residential structwes )

K = Coefficient for horizontal force.
( K = 2.OO for residential stuctures with bearing
wall systems or building wall systems )

C = Coefficient for use with "S'

S = Sotl factor from Section 1113.4.6 & Table IL13.4.6
( S, = 1.0, ^S2 = 1.2 and S, = 1.5 )

W = Dead load (for residential pwposes -- dead load as defined in llO4.0,
including partition loadtng)

The coefficient "C" is computed as:

IL =-
tsrlT

but its value is not required to exceed 0.12.

T : Fundnental elastic period and is derived as follows for most residential types

G'"p?)
T =2ra i=l

t
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@xdo,)
i=l

Where:
w, = Portion of W located at or assigned to level i
o, = Deflection at level i relative to base duc to lateral forces
g = Acceleration due to gravity
f, -- Distributed portion of a total lateral force at level i
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Base Shear -- 8223-91

8223-91 proposes cornputotion of base shear as follows:

v=crw

Where:
C, = Seismic coeficient
W = Total dead load and "applicable

portiotts of other loads"

Three alternate methods of calculating
the Seisic cofficient are offered:

t.zA S

' RTYs
Can be used when the fundamental period (T) of the building is computed.

However, the Seismic design coefficient need not exceed:

2.5 AC=J,R
When the peak acceleration (A") is greater than or eqrcl to O.30,

the following formulation must be used:

2Al/--ot- ,R

Where:
A" : Effective peak acceleration
A, = Effective peak velociry-related acceleration
S = Coefficient for soil profile clwracteristics
R = Response modification factor
T = Fundamental period of the building

The fundamental moment for buildings built with either beartng wall systems
or building frame systems is calculated as:

0.05 ftT=J
4-

,,lt

Where:
h^ = building height
L = Overall length of building at base

in direction being considered
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Vertical Distribution of Seismic Force -- 199o NBC

In the 1990 Editton of the NBC, the imposed lateral forces
are distributed over the height of the building in accordance with:

v =p,*i,F.
i=1

Where:
F, = o.o1Ty'

and
V = Total lateral force or shear at the base
F , = The portion of V concentrated at the top in addition to F,
F, = Lateral force applied to level i
T = Fundarnental elastic period of vibration of the building

"The maximum required value of F, shall be 0.25V. When T is 0.7 second or less, the

minimum required value of F, shall be zero. The remaining portion of the total base shear (V)

shall be distributed over the height of the structure, including level n, according to the

formula:"

F, = (V -F,)r,h, + Ew!,
i=1

Where:
F, = Lateral force applied to level x

wx

and = Portton of W located at or assigned to level x
w.
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and = height above base to level x
hi

"At each level designated as x, the force (F.) shall be applied over the area of the building in

accordance with the mass distribution on that level".
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Vertical Distibtution of Seismic Force -- 8223-91

8223-91 proposed that the vertical distribution of lateral force (F,) at any level

be determined as follows:

F*=C*V

Cvx

,kw{,

2*!r!
i=l

o
C* = Vertical distribution factor
V = Total design lateral force or shear at base

wi

and = portion of graviry load (W) located or assigned to level i or x
w

h.
I

and = Height from base to level i or x
hx

k = Building-period related exponent
k = 1 for buildings having a period of 0.5 seconds or less.
k : 2 for buildings having a period of 2.5 or more.
k : a linearly interpolated value between I and 2 for

buildings having a period ben,teen O.5 and 2.5
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Distribution of Horizontal Shear -- 1990 NBC

Distribution of horizontal shear is addressed in Section 1113.5.4 of the 1990 edition of ttre

NBC as follows:

"Total shear in any horizontal plane shall be distributed to the various elements of the

lateral force-resisting system in proportion to their rigidities, considering the rigidity

of the horizontal bracing system or diaphragm. Rigid elements incorporated into the

building which are not assumed to be part of the lateral force-reststing system shall be

permitted if their effect on the action of the system is considered and provided for in

the design."

Distribution of Horizontal Shear -- 8223-91

ln Section 1113.4.3 of 8223-91, the horizontal shear disnibution in any story (V.) is

calculated as:
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V = 2F.xt
i-1

Where:p = portion of seismic base shear induced at level i

It continues

"The seismic design story shear, (V,), shall be distributed to the various vertical

elements of the seismic resisting systern in the story under consideration based on the

relative lateral stffiesses of the vertical resisttng elements and the diaphragm." a
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Torsional Moments - 1990 NBC

Horizontal torsional moments are addressedin Section 1113.5.5 of the 1990 NBC as follows:

"The design shall provide for the torsiorwl nnment resulting frorn the locations of the

building mnsses plus the torsional tnoments caused by assurned displacement of the

mass each way from its actual location by a distance equal to 5 percent of the

dimension of the building perpendicular to the direction of the applied forces."

Torsional Moments - 8223-9I

Section lll3.4.3l of B.223-91 relates:

"The design shall include the torsional moment (M,) resulting from the location of the

building m.asses plus the accidental torsional moments (M.) caused by assumed

displacement of the mass each way from its actual location by a distance equal to 5

percent of the dimension of the building perpendicular to the direction of the applied

forces."

The text of B.223-91 continues with coverage of torsional irregularities. Inegularities are not

considered for the purposes of this examination.

o
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Overturning - 1990 NBC

The 1990 edition of the NBC required that every building be designed to resist the

overnrming effect of earthquakes. The overtuming moment at each story is calculated as

follows:

F0 -h\,\ z x,

o

o

o

o

o

a

a

Ma

o

h
n

&
hx

&
h.I

2Ft(ht - h,)
t=a

Where:
F, = Portion of V considered concenffated at top of stucture
F, = Lateral forces applied to level i

= Height above base to level n, x, i

"The increment of overnrming moment at each story shall be distributed to the resisting

elements in the same proportion as the distribution of the horizontal shears..."

In discussing the distribution of overturning moments the text relates:

"Where other vertical members are provided which are capable of partially resisting the

overturning moments, a redistribution to these members shall be permitted if framing

members of sufficient strength and stifftess to transmit the required loads are provided.

Where a vertical resisting element is discontinuous, the overturning moment carried by the

lowest story of that element shall be carried down as a load to the foundation."
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Overtuming -- B.223-91

8223-91requires that buildings be tested to resist overturning . For any level x, the

overturning moment must be determined in the following manner.

M, = tE F,(h, - h)
t=x

a

Where:
F. = Portion of the seismic base shear (V) induced at level i
hi

And = Height base to level i or x
h,
T = 1.0 for top lO stories

= O.8 for zoth story from top and below

In addressing overturning, Section 1113.4.4 relates:

"At any story, the increment of overturning moment in the story under consideration

shall be distributed to the various vertical resisting element in the same proportion as

the distributton of the horizontal shears to those elements."

o
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Story Drift -- 1990 NBC

Section 1113.7 relates the following

o
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o

"Lateral deflections or drift of a story relative to adjacent stories, including any

portions thereof caused by dcflection of horizontal resisting elements, shall not exceed

0.005 times the story height (0.0025 tn buil"dings with unreinforced masonry) unless it

can be demonstrated that greater deformation can be tolerated. The horizontal

displacetnent calculated frorn the application of the lateral forces slnll be multiplied

by llK to obtain the drifi. The ratio IIK shall not be less tlwn 1.0. All portions of

structures slwll be designed and constructed to act as an integral unit in resisting

horizontal forces unless separated structurally by a disance sfficient to avoid contact

under deflection from seismic action."

Story Drift -- 8223-91

Section 1113.4.5.1 relates the following:

"The design story drift, ( L, ), slnll be computed as the dffirence of the deflections at

the top and bottom of the story under consideration. The deflections of level x at the

center of the rnass ( 6 ) shall be determined in accordnnce with the following

formula:"

6 = C5,dra

Where:
Cd = Deflection amplification factor from Table 1113.3.3

6 = Deflections determined by inelastic analysis

"The elastic analysis of the seisrnic resisting system shall be mnde using the required

seismic designforces of Section 1113.4.2.
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For determining compliance with the story drift limitations of Section lll3.i.7, the

deflections of level x at the center of mass ( 6 ) shall be calculated as required in this

section. For purposes of this drift analysis only, it is permissible to use the computed

fundamental period, (T), of the building without the upper bound limitation specified

in Sections 1113.4.1.2 when determining drtJt level seismic designforces..

Where applicable, the design story drtft ( L, ) shall be increased by the incremental

factor relating to the P-dela effects as determined in Section 1113.4.5.2."

In further addressing the P-Delta effect, Section 1113.4.5.2 relates:

"P-Deln effects on story shears and mornents , the resulting member forces and

moments, and the story drtfts induced by these effeAs are not required to be

considered when the stability cofficient, ( 0 ), as determined by the following

formula, is equal to or less than 0.10:

$=
PAxwrlrd

Where:
P, = Total unfactored vertical design load at story x
A = Design story drift
V, = Seismic design story shear acting in story x
h,, = story height below level x
Cd = Deflection amplification factor in Table 1113.3.3

When the stability cofficient ( 0 ) exceeds 0.10 for any story, the P-delta effects on

story drifts, shears, member forces, for the entire building are to be determined by a

prop erly substantiated analysis.

The increase in story shears and moments resulting frorn the increase in story drift

shall be added to the conespond,ing qumtities determined without considerations of

o
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the P-deln effect."

Other sections provide means of computation of the values for the variables used in the

above computations.

Table 1113.3.3 of B223-91 indicates that the response modification factor (R) is 6 l/2 for

Iight framed walls with shear panels and the deflection amplification factor (Co) is 4 for

buildings with bearing wall systems. For building frame systems the values are 5 and 4 ll2,

Other goveming requirements in Section 1113.3 include Section 1113.3.1 (Site Coefficient),

its accompanying Table 1113.3.1 and Section 1113.3.2 (Soil-Structure Interaction). The

former section and table allow the determinations of the Site Coefficient based on soil

properties. The table lists 4 soil types along with a description of the characteristics of each

and the value of each Site Coefficient. The types and their values are S, - 1.0, 52 - 1.2, 53-

1.5 and 54- 2.0. Where the soil type can notbe determined sufficiently, a value of 2.0 must

be used. Section 1113.3.2 allows the modification of base shear, story shears, overturning

moments and deflections using approved procedures to account for the effects of interaction.

Section 1113.4.6 and Table 1113.4.6 relate soil information in the 1990 NBC. Three soil

categoriesareused: Sr- 1.0,52- l.2andSr- 1.5. If thecharacteristicscannotbedetermined

sufficiently, the value of either S, or S, that yields the largest value of CS must be used.

2. Design. Detailing and Structural Components

Other sections of bottr sets of code deal with issues related to the materials, components and

the design of buildings to seismic requirements.

Requirements in Section 1113.3.6 of 8223-91 are devoted to Design, Detailing Requirements

and Structural Component Load Effects. In addition to Sections 1113.3.6.1.1 and

1113.3.6.1.2,R-2 buildings constructed where A, is greater than or equal to 0.10 but less

than 0.15, must comply with Sections 1113.3.6.2 and 1113.3.6.3. For the purpose of this

examination, plan iregularities are not considered. Since the sole entry under Section
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1113.3.6.3 is devoted to plan irregularity, this section is disregarded.

Section 1113.3.6.2.1 addresses materials and requires that materials and systems made up of

those materials must comply with code requirements.

Section 1113.3.6.2.2 contains the seismic requirements for openings:

"Where openings occur in shear walls, diaphragms, or other plate rype elements, the

edges of the openings shall be designed to tansfer the stresses into the structure. The

edge chord shall extend into the body of the wall or diaphragm a distance sfficient to

develop the stress of the chord member."

Requirements for materials and openings are not explicitly addressed in Article 11 of the

1990 NBC.

Orthogonal Effects are the subject of Section 1113.3.6.2.3 tn^B223-91.

"The design seismic forces shall be applied separately in each of two orthogonal

directions."

The 1990 NBC contains similar requirements in Section 1113.4 where it stipulates that:

" Except as providedfor in Sections 1113.8 and 1113.10, every structure shallbe

designed and constructed to resist minimum total lateral seismic forces assumcd to act

nonconcurrently in the direction of each of the main axes of the stucture in

accordance with the following formuln: "

Y= 2.1AIKCSW

Section 1113.3.6.2.5 of B223-91 requires that the design of a building must compty with

Section llo2.2 for progressive collapse. Although, the NBC seismic requirements found in

o
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Article 11 do not address progressive collapse, since the requirements were contained in

another part of the section of the 1990 code, this reference appears to have no impact.

Section I I 13.3.6.2.6 n B223 -9 1 addresses collector elements:

"Collector elements shall be provided that are capable of transferring the seismic

forces originating in other portions of the building to the element providing the

resistance to those forces."

This section is followed by the requirements for diaphragms in Section 1113.3.6.2.7.

"The deflection in the plane of the diaphragm, asdetermined by engineering analysis,

shall not exceed the permissible deflection of the attached elements. Permissible

deflection shall be that deflection which will permit the anached element to maintain

tts structural tntegrity under the tndividual loading and continue to support the

prescribed loads.

Floor and roof diaphragms shall be designed to resist the following seismic forces: A

minimum force equal to 50Vo the effective peak velocity related acceleration, (A,),

times the weight of the diaphragm and other elements of the building attached thereto

plus the portion of the seismic shear force at tlnt level, (V,), required to be

transferred to the cornponents of the vertical seismic resisting system because of

offsets or changes in stffiess of the vertical cotnponents above and below the

diaphragm.

Diaphragms slnll provide for both the shear and bending stresses resulting form these

forces. Diaphragms shall have ties or struts to distribute the wall anchorage forces

into the diaphragm. Diaphragm connection shall be positive, mechanical rype

connections."
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Section 1113.5.6 in the 1990 NBC provides the following on diaphragms and collectors

"Floor and roof diaphragms and collectors slnll be designed to resist the forces

determined in accordance with the formula!'

n n

o

O

F =(2F*2w.\wPatPx ,=r l=J

Where:
F is not reauired to exceed 0.75A IwpttvPx

and
F r,=Force on floor diaphragms and collectors
F, = Lateral forces applied to level i
wi = portion of W located at or assigned to level i
wo, = Weight of floor or roof diaphragms an"d collectors

and elements tribuutry thereto at level x plus 25
percent of the floor live load

"The force Fp, is not required to exceed 0.75 AJwo,.

Where the diaphragm is required to transfer lateral forces from the vertical resisting

elements above the diaphragnl to other vertical resisting elements below the

diaphragm, due either to offsets in the placement of the elements or to changes in

stiffness in the vertical elements, these forces shall be added to the value determined

for F*. However, the lateral force on the diaphragms slnll not be less than 0.35

AJwrr

Diaphragms providing lateral support to concrete or masonry walls shall have

continuous ties between diaphragm chords to distribute into the dtaphragm the

anchorage forces specified in thts section. Chords added to form subdiaphragms to

transmit the anchorage forces to the main crossties slwll be permitted. Diaphragm

deformations shall be considered in the design of the supported walls."
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The design of bearing walls is addressed in Section 11L3.3.6.2.8 of 8223-91.

"Exterior and interior bearing walls and their anch.orage shall be designed for a force

of the effective peak velocity related acceleration, (4,), times the weight of the wall,

normal to the surface wtth a minimwn force of 107o of the weight of the wall.

Interconnection of wall elements and connections to supporting franing systems shall

have suffictent ductility, rotational capacity, or sfficient strength to resist shrinkage,

thermal changes, and differential fomdation settlement when combined with seismic

forces.

Section 1113.10 of the 1990 NBC addresses lateral forces on elements of structures and

nonstructural components. This language also pertains to baring walls.

"Parts or portions of buildings or structures, nonstructural components and anchorage

of such components to the main stucrural system slnll be designed for lateral forces

in accordance wtth the following formula:

Fo = 2.5 AJCpwp

The values of C, are set forth tn Table 1113.10. The value of I shall be as set forth in

Table I I13.1. ... The distribution of these forces shall be in accordance with the

gravity loads pertaining thereto."

Table 1113.10 in the 1990 edition bf the NBC indicates that the value of Conormal to flat

surfaces in exterior and interior bearing walls is 0.3.

It must be noted that although the requirements in Section 1113.10 and Table 1ll3.l0 were to

remain in place, the above change modified its impact on load-bearing walls. Since this

section along with its companion table are unchanged, its effect on other components

regulated through this section are unaffected.

Section 1113.5.2 of the 1990 NBC addresses setbacks.
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"Buildings having setbacl<s wherein the plan dimenston of the tower in each directions

is at least 75 percent of the conesponding plan dimension of the lower part shall be

considered as unifurm buildings without setbacks, provided tlwt other inegularities as

defined in this section do not exist."

Item 3 (Vertical Geometric Inegularity) of Table 1113.3.4.2 addresses the setback issue.

"Vertical geornetric inegulariry shall be considered to exist where the horizontal

dimension of the lateral force-resisting systetn in any story is rnore tlwn 130Vo of that

in an adjacent story."

The 130 percent figure, when used to characterize the dimension of a lower story based on

the dimension of the upper story, could be reformulated to chuacteiz* the dimension of the

upper story as 77 prcent of that of the lower story. However, this is irrelevant since Item 3

pertains only to buildings in SPC D or E. For the purpose of this examination, plan and

vertical structural irregularities have been ignored.

Section 1113.9 in the 1990 NBC is devoted to structural systems and states:

"The design of stuctural systems shall comply with the applicable provisions of

Sections 1113.9.1 through 1113.9.6. Reinforced conuete mernbers slwll comply with

the applicable provision of Chapter 2I of ACI 318 ltsted in Appendix A as specified in

this section and Section 1501.0.

Except where spectfically prohibited in this section, where the framing systens along

two ortlwgonal axes are different, the K factor appropriate for each direction shall be

used. In Seismic hne 3 or 4 where a structure has a bearing wall system in only one

direction, the K factor ued for design in the orthogonal direction shall not be less

than that used for the beartng wall system."

o
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Section 1113.9.1 - Bearing wall systems:

"Bearing wall systems shall use shear walls or braced frafiws as vertical

elements for resistance to lateral seismic force. Horizontal elements of the

seismtc force-resisting system shall be diaphragrns or trusses. The factor K

depends on the type of lateral force-resisting element, as shown in Table

I I 13.4.3.',

Section 1113.9.2 - Building-frane systems:

"Building-frame systetns destgned using afactor K=I.0 slwll have an

essentially complete space frame that conforms to NSC Spectfication for
Structural Steel Buildings -- Allowable Srress Design and Plastic Design or

ACI 318 listed in Appendix A and that supports all gravity loads and slnll

have shear walls or braced frarnes to resist the earthquake lateral force.

Section 7L13.3.6.2.1 rul,8223-91 provides a more general approach to, but comparable

handling of, the reinforced concrete requirements referred to in the first paragraph of 1113.9

of the 1990 NBC. This section implicitly references the reinforced concrete requirements

contained elsewhere in the code.

Only two sections -- 1113.9.1 and 1113.9.2 -- of the six referenced sections ( i.e. 1113.9.1

through'1113.9.6) pertain to the structural framing approaches commonly used in low-rise

residential construction.

The effect of the referenced values of "K" enter through computation of base shear presented

earlier in this examination. Its value, based on Table 1113.4.3, for the most commonly used

:urangements of lateral force-resisting elements are as follows:

Bearing wall systems

1,2 or 3-story light wood frame walls --1.0

reinforced concrete shear walls -- 1.33
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Building framing system

shear walls -- 1.0

The reference to the required use of shear walls (or braced frames) reflects the most

commonly used seismic load-resisting system in low-rise residential construction and is

similarly referenced in Table 1113.3.3.

3. Plans and Desisn Data

TherequirementsunderSection 1113.1.3of the 1990NBCaddressthesubjectsof plansand

design data:

"Where earthquake loads are applicable, a brief satement of the items indicated in

Sections 1113.1.3.1 through 1113.1.3.3 shall be included with each set of plans filed.

1113.1.3.1 Dead and live loads:

A summation of the dead and,, where applicable, live loads of the building,

floor by floor, which was used in figuring the shear for which the butlding is

designed, shall be submitted.

1113.1.3.2 Bracing:

A brief description of the bractng system used, the manner in which the

designer expects such system to act and a clear statement of any assumption

used, shall be submitted. Assumptions as to location of all points of counter-

flexure in members shall be stated.

1 I 1 j.1.3.3 Sample calculations:

Sample calculations of a typical bent or the equivalent shall be submitted"

Section 1113.1.1 rr:.B.223-91provides requirements on design data:

o
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'lVhere earthquake loads are applicable, the following design data shall be in^dicated

on the design drawings:

1. The peak velocity related acceleration, (A,), according to Section 1113.1.4.

2. The peak acceleration, (A"), according to Section ll13.l.4.

3. The seismic hazard exposure Broup according to Section 1113.1.5.

4. The Setsmic Performance Category according to Section 1113.1.7.

5. The soil profile type according to Table 1113.3.1.

6. The basic structural system and seismic resisting system according to Table

1113.3.i.

7. The respotwe modification factor, (R), and the deflection amplification

factor, (Co) according to Table 1113.3.3.

8. The analysis procedure utilized in accordance with Section 1113.4 or lll3.5
as applicable."

Section 1113.1.4 of the 1990 NBC is devoted to stress increases:

"Except where specifically prohibited by this section and Section 111j.11.5, the

requtrements of this section presame that allowable stesses are increased by one-third

for earthquake loads. However, this increase shall not be permitted in conjunction

with any decrease in total load effect nken in accordance with Section 1114.0."

Section 1113.1.5 addresses combined vertical and horizontal forces

"In computing the effect of seismic forces in combination with vertical loads, gravity

load stresses induced in members by dead load plus design live load, except roof live

load, shall be considered. Consideration shall also be given to minimum gravity loads

acting in combination with lateral forces."
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DGMINATION OF RI6.94

Define the problem

a. Choose a scope and perspective

The scope of this analysis is proposed code change no. R26-94 to the Council of

American Building Oficials (CABO) One and Two Family Dwelling Code that involves

changing Section R-303--Footings. The proposed change, presented in the 1994 Proposed

Changes to the CABO Codes, provides for an internationally recognized alternative

method of protecting foundations against frost heave. This nationwide code change would

allow builders to construct frost protected footings in cold climates above the natural frost

depth line. Cold climates for frost protected footings are regions where the air freezing

index is 1,500 degree-days (Fahrenheit) or higher, or approximately the northern third of

the United States.

The perspective of this analysis is that of the home builder.

b. Determine the time period for the analysis

The time period for this analysis is the current year, 1994.

c. Describe the code change

The types of housing affected by this change are single and multiple family dwellings as

distinguished by tne ClAO One and Two Famtly Dwelling Code. The anticipated

physical impact will be on the foundation of each structure. The code change will

basically allow the bottom of footings for heated buildings to be located above the frost

line where protected by insulating the foundation with Type IV extruded polystyrene

insulation.

The housing affected by this code change may have different types of foundations. These

will be either slab-on-grade, crawl space, or basement type foundations. Each will need

o
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to be analyzed separately.

For slab-on-grade foundations, the thickened edge of the slab will not have to extend

below the frost line. Less excavation to the proper depth and less concrete will be

required for the footing. An increase in excavation will be required to place the

horizontal insulation. Also, an increase in material costs will result from the need to

provide insulation.

For crawl space foundations, the bottom of the footing or grade beam will not need to

extend below the frost line. Less excavation to the proper depth and less concrete will

be required for the footing. Instead of a frst floor constructed of floor joists, girders,

posts, and subflooring material, a concrete floor will be installed on grade. Utilities such

as electric and water will be installed in or under the floor slab, rather than in the crawl

space area. Planning of the utilities will take place early in the construction in order to

provide stubup locations before the concrete is cast for the slab-on-grade. An increase

in excavation will be required to place the horizontal insulation. AIso, an increase in

material costs will result from the need to provide insulation.

For basement foundations, the basement may be eliminated completely by using a frost

protected footing. Costs will be saved for excavating the basement, providing the

basement floor and walls, and the first floor joists, girders, posts, and subfloorhg

material. Costs will be ahAeO for the concrete slab-on-grade, insulation, and excavation

costs resulting from the installation of the horizontal insulation. Utilities such as electric

and water will be installed in or under the floor slab, rather than in the basement.

Planning of the utilities will take place early in constnrction in order to provide stubup

locations before the concrete is cast for the slab-on-grade. If the basement is not intended

to be used for living space or storage, a direct comparison of a basement house to a frost

protected footing house of the same size may be made. However, if a basement house

is planned to be used for living space or storage, this will complicate a cost analysis

because the function will be different for the two houses. It will not be feasible to

o
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o
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o

o

o

enlarge the floor plan of the house, because it will represent a fundamentally different

house than the one with a basement.

d. Select representative cases and develop designs for each

Three prototype houses will be selected to typify the impact of the code change. Each

house will have one of the foundations discussed above-- slab-on-grade, crawl space, or

basement so that each type of foundation is represented. Each house will be compared

to a frost protected footing type foundation as proposed in CABO Code Change No. R26-

94. An average northern air freezing index of 2,500 will be used for all three houses.

For the basement house, consideration will also need to be made on the impact of the

reduced living space. The most typical foundation found in the northem United States

is the crawl space and basement. The slab-on-grade foundation is included even though

they are less popular in these regions.

Designs may be developed for the frost protected footings based on the code change.

Given the foundations of the existing prototype houses, it will be rather easy to design

the frost protected footings for each house. Foundation plans will be prepared for each

of the three houses using the traditional footings, and one additional foundation plan will

be prepared using frost protected footings for each house.
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